Objective: To determine whether men with possible angina (from their responses to the World Health Organization angina questionnaire) but a normal exercise ECG differ in long term rates of coronary heart disease events from men with no symptoms of angina. Design: During 1972-75, 2014 apparently healthy men aged 40-59 years underwent an examination programme including case history, clinical examination, exercise ECG to exhaustion, and various other tests. All men completed the WHO angina questionnaire.
C
hest pain on exertion detected by means of the World Health Organization angina questionnaire 1 and not fulfilling all criteria for a diagnosis of definite angina (defined as ''possible angina'' 2 3 ) is often encountered among middle aged and elderly people, and is of uncertain diagnostic and prognostic significance. Some recent studies [2] [3] [4] [5] [6] [7] claim that such individuals have a similar coronary heart disease risk to those with recognised myocardial ischaemia, though others have not found this to be the case. [8] [9] [10] [11] However, differences in definitions, materials, methods, and follow up make this an unsettled question.
In the present study, the WHO angina questionnaire 1 (the relevant portion of which is reproduced in the appendix) was answered by 2014 apparently healthy middle aged men as part of a cardiovascular survey examination, primarily aimed at assessing the prevalence of chest pain or discomfort on exertion.
METHODS
In 1972, all apparently healthy men aged 40-59 years, working in five government agencies in Oslo, Norway, were invited to participate in a cardiovascular survey examination. The main aim was to look for symptoms and signs of possible latent coronary heart disease. Of 2341 eligible men, 2014 (86%) agreed to participate in the study, which started on 28 August 1972 and was finished by 30 March 1975. Eligibility was decided after scrutinising the company health records of all the men. Where recorded, the following diseases or conditions resulted in primary exclusion: known or suspected coronary heart disease or other types of heart disease, hypertension being treated with drugs, diabetes mellitus, malignancy diagnosed during the last five years, miscellaneous other serious diseases (for example, known chronic hepatic, renal, or pulmonary diseases), and any chronic drug regimen being used for any reason. Those who were judged unable to complete a symptom limited bicycle exercise test were also excluded. Men who reported acute febrile illnesses in their immediate presurvey period had to wait at least 14 days to be examined. Men who on arrival reported any of the above mentioned diseases, not recorded in the company files, were examined but were later excluded. Further details about the selection and inclusion criteria have been reported elsewhere. 12 All subjects met for the examination early in the morning after at least 12 hours fasting and eight hours abstaining from smoking. All men underwent the examination programme illustrated in fig 1, and all in the same order. Detailed descriptions of the various examination procedures are given elsewhere. 12 13 All had filled in an extensive health questionnaire on arrival, dealing with various health issues, including the WHO angina questionnaire 1 (see appendix). The answers were thoroughly checked by the examining physician to ensure that all questions had been understood and answered, and that the answers had been given as intended.
14 The WHO questionnaire was checked according accepted guidelines. 1 Following the clinical examination and a resting ECG, all men completed a bicycle exercise ECG test until exhaustion, unless this had to be terminated prematurely for safety reasons. Details about the exercise test are published elsewhere. 15 When filling in the WHO angina questionnaire before the baseline examination, 95 men had reported chest pain or discomfort on exertion (answering yes to the first two questions in the WHO angina questionnaire). Of these, 27 had definite angina according to the WHO questionnaire and 68 men did not. The chest pain in the latter was defined as ''possible angina'' 2 3 because, although all the men answered yes to the two first questions in the WHO angina questionnaire, 1 their remaining answers did not comply with the definition of angina pectoris; and because all 68 men had a normal symptom limited exercise ECG test.
In the group of healthy men with no symptoms of angina (n = 1831), a sizable proportion answered yes to the first question in the WHO questionnaire (''Have you ever had pain or discomfort in your chest?''), but no to the remaining questions. No distinction was made between these men and men who answered no to all questions in the questionnaire.
In all, 115 of the 2014 men had one or more of the following findings during the survey examination: definite angina according to the WHO questionnaire (n = 27; see above); development of typical angina during the exercise test; or a pathological exercise ECG during or after exercise. According to the initial study protocol all men with one or more of these criteria 15 were offered diagnostic coronary angiography, an offer that was accepted by 109 and refused by six. Details of the angiographic study are presented elsewhere. 15 All these 115 men were excluded regardless of reported chest pain or coronary angiographic findings (approximately two thirds of them had a positive exercise ECG during or after exercise as the sole abnormal finding). Of the 27 with angina according to the WHO questionnaire, 14 had a positive exercise ECG and 13 did not. Six of the 2014 men had angina during the stress test as their only ''angiography qualifying'' finding.
After excluding these 115 men, the remaining 1899 (2014 2 115 = 1899) were subdivided as follows: 
Follow up procedures
Cause specific mortality data up to 31 December 1999 were obtained from Statistics Norway after permission had been granted by the Norwegian Data Inspectorate and the Norwegian Board of Health. In the present report only deaths from coronary heart disease have been included (that is, death from acute myocardial infarction, sudden unexpected death, or death from heart failure following an earlier extensive acute myocardial infarct). The mean observation time was 26 years (range 24.8-27.3 years).
In 1995 we undertook a nationwide search in the hospital files in all Norwegian hospitals for all men in the study. We again obtained permission to do this, as mentioned above. The morbidity data are complete up to 30 June 1995. The mean observation time for morbidity events was 21.5 years (range 20.3-22.8 years). Cases of acute myocardial infarction and coronary artery bypass grafting (CABG) were specifically noted. Acute myocardial infarction was recorded regardless of whether a person died later from any other cause (that is, a man might theoretically have suffered both an acute myocardial infarct and undergone CABG (two different morbidity events) before later dying from a non-cardiac cause). If subjects had sustained more than one myocardial infarct, only the first event was counted; the same applies to (the few) men who had undergone more than one CABG.
By 1995, only two subjects were living abroad, and both were alive at that time. They were later lost to follow up.
Otherwise follow up appears to be complete for the remainder. A few had lived abroad for some time before 1995, but had later returned to Norway.
Statistical methods
Differences in baseline data between the groups were tested by Student's t test, Fisher's exact t test, and with Wilcoxon test, according to data type.
The risk of death from coronary heart disease and of coronary heart disease events was estimated by Kaplan-Meier plots and tested with the log rank (Mantel-Cox) test.
The coronary heart disease mortality curves apparently deviated from a proportional hazards assumption. However, as only a few additional early deaths in the possible angina group would have made the assumption of proportional hazards likely, we applied the Cox analysis when further covariates were introduced in the relative risk analysis, acknowledging modest violations of the test prerequisites.
RESULTS
Compared with men from group A (healthy men with no symptoms of angina), men from group B (possible angina) had significantly higher serum cholesterol, body weight, and body mass index and lower physical fitness and maximum heart rate during exercise (table 1). All other differences were non-significant. In particular, fasting blood glucose was virtually identical in the two groups.
When subdividing group B in men without and with events during follow up (groups C and D respectively), some differences emerged (table 1) . Compared with men without events during follow up, men with events (group D) were older, had a higher body mass index, higher cholesterol, lower maximum heart rate, and lower physical fitness. Men from group C had values virtually identical to those from group A, for all variables.
Groups A and B had almost identical survival curves up to 16-17 years, after which they started to diverge. At the end of follow up coronary heart disease mortality was significantly higher in group B than in group A (fig 2) . Table 2 shows that after a mean follow up period of 21.5 years, 84 subjects in group A (4.6%) and 11 (16.2%) in group Figure 1 Examination programme followed by all study participants during the cardiovascular survey.
B had undergone CABG (p , 0.001). There were 324/1831 (17.7%) hospital verified myocardial infarctions in group A, and 19/68 (27.9%) in group B (p , 0.05, Fisher's exact t test) (table 2). According to a log rank test (Kaplan-Meier plot), the groups differed significantly in incidence of acute myocardial infarction (p , 0.05) (detailed data not shown).
When investigated by Kaplan-Meier plot (fig 3) group B showed a significantly increased risk of needing CABG compared with group A.
Mean age at the time of CABG was 58 years in group B and 63 years in group A (p , 0.001). One man in group B had already had CABG within one year of the primary examination, and three within five years. The first two deaths in group B (both from acute non-heralded myocardial infarction) occurred approximately six years after the baseline examination. Only three of the 17 who died within group B had had an earlier CABG (death occurred 10, 12, and 17 years after the procedure, respectively).
Possible angina was a strong predictor of coronary heart disease mortality in a univariate analysis; it remained a strong and independent predictor when introduced in a multivariate Cox regression model which included age, total serum cholesterol, systolic blood pressure, smoking, physical fitness, and forced expiratory volume in one second (FEV 1 ) as covariates (all of which were also predictors of death from coronary heart disease) (table 3). Thus only a modest change in predictive power appeared for the covariate ''possible angina'' after adjustment for the variables listed above.
When a similar model was used to predict the need for CABG, possible angina proved also to be a strong and independent predictor (relative risk 3.53, 95% confidence interval 1.86 to 6.69; p , 0.01).
Eleven men with possible angina (16.1%) had developed diabetes mellitus type 2 by the 30 June 1995, compared with 137 (7.5%) among men from group A (p , 0.05).
DISCUSSION
The 68 men who answered yes to the two first questions in the WHO questionnaire had reported that their chest pain was triggered by exertion. Despite answering no to the remaining questions in the questionnaire, it is suggested-in line with prevailing views 2 3 -that such chest pain should be labelled ''possible angina''.
Analysis of coronary heart disease mortality at 10 and 15 years from baseline suggested initially that possible angina was of little clinical significance. However, by extending the observation period further and by also considering morbidity data we have reached a different view. Thus when comparing the 68 men with possible angina and the 1831 men with no symptoms of angina, our data show, first, that possible angina appeared to be a strong predictor of coronary mortality, even after accounting for age, smoking, systolic blood pressure, total cholesterol, maximum heart rate during exercise, FEV 1 , and physical fitness; and second, that possible angina appeared to be a strong and independent predictor of the need for CABG.
Our current analysis shows that the survival curves of the group of men with no symptoms of angina (group A) and with possible angina (group B) started to diverge at approximately 16 to 17 years, and at 26 years group B had almost twice as high a coronary mortality as group A. This substantial difference might have been even more pronounced and possibly observable earlier if the CABG rate had not been more than three times as high within group B as within group A.
The additional and significantly higher incidence of nonfatal acute myocardial infarction in group B further highlights the high coronary heart disease risk encountered Group A, healthy men with no symptoms of angina at baseline; group B, men with possible angina at baseline (B). Group B is further subgrouped in subjects without (group C) and with (group D) at least one coronary heart disease event during 26 years of follow up. *p,0.05; **p,0.01; ***p,0.001. DBP, diastolic blood pressure; ESR, erythrocyte sedimentation rate; FEV 1 , forced expiratory volume in one second; HR, heart rate; MHR, maximum exercise heart rate; SBP, systolic blood pressure. Figure 2 Kaplan-Meier curves for coronary heart disease mortality in healthy men with no symptoms of angina (A) (n = 1831) and men with possible angina (B) (n = 68) (p , 0.0057).
among men with possible angina compared with those with no symptoms of angina. For validity reasons, only ''hard'' coronary heart disease end points have been included in this study (coronary heart disease deaths, CABG, and hospital verified acute myocardial infarction).
Three possible explanations might account for our findings. First, the high incidence of coronary heart disease events over the 26 year period in group B mainly reflected their high coronary heart disease risk profile at baseline (table 1) . Second, the symptoms were misinterpreted at baseline-that is, the chest pain often represented unrecognised symptoms of coronary heart disease, and the men were left untreated until clinical progression or death occurred. Third, the chest pain reported initially was in fact of noncoronary origin, but by being told the benign nature of these symptoms, the men later chose to ignore the development of coronary symptoms, often with deleterious effects. Any or all of these explanations may be involved.
In relation to the first explanation, the baseline characteristics indicated a high coronary heart disease risk in group B and it should not therefore be surprising that some of these men already showed subtle signs and symptoms of coronary heart disease (for example, chest pain on exertion, even though modest and atypical). The follow up findings are in accordance with what would be expected in a group of men with high cholesterol values, poor physical fitness, and so on. 16 The differences in risk factor distribution between those with and without coronary heart disease events during follow up (subgroups D and C, table 1) further supports this suggestion. Our findings are unlikely to have a primary pulmonary origin, as chest pain remained a strong risk indicator even after accounting for FEV 1 .
In relation to the second explanation, the early occurrence of clinical events also indicates that misinterpretation of the chest pain had probably often taken place at baseline. However, the survey reports sent to the company doctors for all men with this type of chest pain were flagged with a query. This should have facilitated the early recognition of ''true'' coronary heart disease symptoms if they developed subsequently, and would have favoured early treatment with drugs and coronary interventions rather than the reverse. The large numbers of early CABGs in group B favours this explanation and may also in part explain why it took 16 to 17 years before we observed differences in coronary heart disease mortality between groups A and B.
In relation to the third explanation, the large number of men without coronary heart disease events during 26 years of follow up also indicates that a substantial number of them probably did not have coronary chest pain, as assumed initially. The different risk factor pattern between the nonevent group (C) and the event group (D) within group B (table 1) suggests that this explanation may also in part be correct. From a risk factor point of view, the subgroup of men without coronary heart disease events (group C) is identical to the group of men with no symptoms of angina (group A) (table 1) .
In any observational study one should also consider the problem of confounding-that is, that factors or diseases not considered in the protocol may explain some (or most) of the survey findings. One example of such possible confounders in our study may be diabetes mellitus, which occurred more than twice as often among the 68 men with possible angina than among the 1831 men with no angina symptoms. However, in view of the large number of known coronary heart disease risk factors not accounted for, there may well be other confounding variables.
Earlier follow up studies of subjects with chest pain have mainly focused on those found during mass screening of large unselected populations and with all kinds of coronary heart disease events. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Our study differs by having a selected and apparently healthy baseline population. In particular, we were careful to exclude all men with a clinical history suggesting the presence of coronary disease at baseline (see Methods). We also excluded any who had definite angina or who developed chest pain during the exercise test, or who had a pathological exercise ECG. 15 Even after these primary and secondary exclusions, ''possible angina'' on the WHO angina questionnaire proved to be an independent warning symptom.
The possible angina group was identified by their answers to the WHO angina questionnaire, which was developed mainly for epidemiological and not for clinical purposes. In the clinical setting the questionnaire has been criticised for having low sensitivity and low specificity, [17] [18] [19] [20] translation difficulties, and between-country variation in the prevalence of chest pain as a hard indicator of coronary heart disease. Also, as the likelihood of obtaining positive responses to the questionnaire is twice as high when completed by the subject himself as when a history is taken by a trained technician or a physician, 6 14 21 one may well question its clinical value. However, despite the limitations of the questionnaire, our data show that it could identify a group of apparently healthy middle aged Norwegian men with notably increased coronary heart disease mortality and morbidity during long term follow up. The data therefore suggest that ''possible angina'', as defined by the WHO questionnaire, probably often represents coronary chest pain despite not fulfilling textbook descriptions of angina, and despite the presence of a normal response to a symptom limited exercise ECG. In populations with a high prevalence of endemic coronary heart disease, the WHO angina questionnaire appears therefore to define subjects who deserve to be followed carefully.
When the primary focus is on coronary heart disease mortality, our data also suggest that 10 years of follow up may be too short a period to reveal the true clinical course. Coronary atherosclerosis is, after all, a chronic and often slowly progressive degenerative/inflammatory disease.
Although the sensitivity and specificity aspects of the WHO angina questionnaire may vary considerably among countries, and point prevalence data on angina may underestimate the population burden of coronary heart disease, 22 this questionnaire still seems to represent a simple, valuable, and standardised screening tool for detecting high risk populations-at least in countries or regions with a high pre-test probability of having coronary heart disease, in accordance with standard probability theory. Minimal invasive direct revascularisation of the left anterior descending artery using a novel magnetic vascular anastomotic device A 65 year old man with symptoms of myocardial ischaemia and positive exercise tolerance test underwent coronary angiography, which demonstrated an occluded left anterior descending artery (LAD) (arrowhead in panel A), and unobstructed circumflex and right coronary artery.
In view of the unsuited anatomy for percutaneous revascularisation, the patient underwent a minimal invasive direct coronary artery bypass graft of the left internal mammary artery (LIMA) to LAD. The operation was performed via a 5 cm skin incision over the left fourth intercostal space. The anastomosis was performed using a novel magnetic coupling device (Magnetic Vascular Positioner (MVP Series 6000) Ventrica, Fremont, California, USA). The device comprises two magnetic clips sets, which were placed at the standard longitudinal arteriotomies of the LIMA and LAD, respectively. Each clip set consists of three magnetic clips; one clip was positioned at the intravascular surface of the vessel and the other two lied extravascularly. The LIMA-LAD anastomosis is a result of the magnetic field of the two clip sets. Distal vessel preparation and device deployment duration were 95 seconds (LIMA) and 125 seconds (LAD), respectively.
The patient had an uncomplicated recovery and was electively kept in hospital until day 5 postoperatively in order to perform a check angiogram which showed good anastomosis and good distal LAD perfusion (arrowhead in panel B).
This case illustrates a successful and efficient use of this novel magnetic coupling anastomotic device during minimal invasive coronary revascularisation surgery.
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